We analyze the decisions of foreign-born PhD and postdoctoral trainees to come to the United States vs. go to another country for training. Data are drawn from the GlobSci survey of scientists in sixteen countries working in four fields. We find that individuals come to the U.S. to train because of the prestige of its programs and/or career prospects. They are discouraged from training in the United States because of the perceived lifestyle. The availability of exchange programs elsewhere discourages coming for PhD study; the relative unattractiveness of fringe benefits discourages coming for postdoctoral study. Countries that have been nibbling at the U.S.-PhD and postdoc share are Australia, Germany, and Switzerland; France and Great Britain have gained appeal in attracting postdocs, but not in attracting PhD students. Canada has made gains in neither.
Introduction
Except for a period in the mid-1990s and another beginning in the late 2000s the percent of PhDs awarded to the foreign born in the United States has grown for many years. By way of example, in 1966, approximately 20 percent of PhDs awarded in engineering and the natural sciences went to foreign-born scientists. By 2010 the figure was just shy of 46 percent. 1 Not only has the percent of PhDs awarded to foreign born increased; the percent who hold postdoctoral training positions in the United States has also grown. For example, in 1980, the percent of postdocs who were in the United States on a temporary visa was approximately 40 percent; those who held permanent visas or were citizens was 60 percent (Stephan P. , 2012) . By 2008 the situation had reversed: 60 percent of postdoctoral scholars working in the United States were in the U.S. on temporary visas; 40 percent were citizens or permanent residents. While many of these foreign-born postdocs received their PhDs in the U.S., a number came to the U.S. after having received a doctorate degree in another country. 2 The United States is not the only country that trains the foreign born. In 2004, 22 .4 percent of all doctoral candidates in the European Union were training in a country in which they were not a citizen. Three-fourths of these came from non-European Union countries (IISER, 2007) . Moreover, in recent years the number of PhD degrees awarded to foreigners has grown considerably in Europe, as well as in Canada, Japan and Australia. By way of example, in 1999 only 14.8 percent of students enrolled in graduate programs in the natural sciences and engineering in Canada was foreign; by 2008 the number had increased to 25.6 percent (National Science Board, 2012, pp. Table 2-42) . The largest enumerated group of foreign students in 1999 was from China (14.0 percent), followed closely by those from the United States (13.2 percent) and France (12.3 percent) and distantly by India (4.0 percent). During the interval, the growth in the number of Chinese students was notable, increasing by 187 percent, but the growth of Indian students was even more dramatic (287 percent increase). The percent, although not the actual number of students from the United States and France, declined. Or consider the United Kingdom where the percent of foreign students in graduate programs in the natural sciences and engineering increased from 28.8 percent in 1998 -1999 to 51.2 percent in 2008 -2009 (National Science Board, 2012 . Greece was the largest of the enumerated source countries in the earlier period, contributing about 13.6 percent. France, Germany and China were closely tied in second position, each contributing around 5.0 percent. The number of Indian graduate students was not enumerated in 1999. By -2009 , when Indians were enumerated, they represented 13.4 percent of all foreign students in the UK. Chinese students represented approximately 9 percent of foreign students; the 1 Before the impact of 9/11 was felt, the percent stood at slightly more than 50. The percent foreign-born is computed based on total number of PhD recipients who declare their citizenship status. The foreign born are defined to include temporary residents and permanent residents. See Figure 1 . 2 A National Science Foundation researcher extremely familiar with postdoctoral data in the U.S. estimates that almost five out of ten postdocs working in academe in the United States earned their doctorate outside the United States and that four out of five postdocs with temporary visas earned their doctorate outside the U.S. number of Greek students had declined substantially. Even Japan, which has a reputation of being somewhat insular when it comes to educating foreign students and poses serious language challenges for many, has experienced an increase. In 2004 foreign students represented 8.4 percent of those enrolled in graduate school in the natural sciences and in engineering; in 2010 they represented 10.9 percent. China and South Korea were the dominant source countries in both periods. During the six year interval the Chinese student population grew by 50 percent in the natural sciences and engineering (National Science Board, 2012, pp. Table 2-41) ; that from South Korea declined in absolute and percent terms. The number and percent from Indonesia increased.
We know considerably less about the number of foreign born receiving postdoctoral training outside the United States. But what we do know suggests that the presence of the foreign born is substantial among the postdoc population. For example, one study found that 43 percent of the 19,000 postdoctoral fellows in the life sciences in Europe are working outside their country of citizenship. Of these, 44 percent are from another European country; 56 percent are from outside the EU (IISER, 2007) .
Despite these facts, virtually nothing is known about what leads perspective PhD students to choose one country over another or what factors lead newly minted PhDs to take a postdoctoral position in one country rather than another. What role, for example, do funding, opportunities for advancement, or lifestyle play?
What role does the family of the student play in the decision of where to train? Has the attractiveness of the United States to foreign-born PhD and postdoctoral trainees changed in recent years, relative to that of other countries? Are migration patterns different in different fields? Our ignorance derives from the fact that no database collects consistent information across countries on mobile researchers and on factors affecting their decision to emigrate for training.
The question is of importance for at least two reasons. First, the scientific workforce of a county can be highly dependent on the foreign born, both while in training and subsequent to training. Black and Stephan (2010) , for example, infer that 39.6 percent of the graduate student authors of papers published during a sixmonth period in Science in 2007 are foreign born; 59.2 percent of the postdoc authors are noncitizens. 3 Moreover, many immigrants who stay first come to a country for PhD study or for postdoctoral work. In the United States, for example, approximately 22 percent of faculty in science and engineering were not citizens at the time they received their PhD training in the United States (Stephan P. , 2012) . Second, benefits from migration also exist for the country of training if and when scientists return to the home country. , for example, find that returnees are more likely to have international coauthors than those who have not been mobile. Returnees' networks also span more countries and perform at a higher level.
The purpose of this paper is to examine the comings of the foreign born to the United States for doctoral and postdoctoral study. The data we use were collected by the authors in 2011 as part of the GlobSci project and cover research active scientists currently working or training in sixteen countries. We begin in Section 2 by briefly summarizing trends in the number of foreign-born PhD recipients and postdoctoral scholars in the United States. In Section 3 we discuss factors affecting the decision to study abroad and review previous studies of student mobility. In section 4 we discuss the data. In Section 5 we estimate the probability of coming for PhD study to the United States vs. going elsewhere. We also estimate a multilogit model of the probability of studying in the United States vs. studying in six other countries. Section 6 examines, in a similar framework, the decision to do postdoctoral study in the United States. Section 7 closes with discussion and conclusion.
Major findings are that students come to the United States for PhD study because of the prestige of its programs and/or career prospects. For recent PhDs we also find evidence that financial support plays a role in attracting students to the United States. Factors that discourage students from coming to the United States for study are the perceived lifestyle in the United States and the availability of exchange programs in other countries. The quality of faculty and the excellence/prestige of its institutions lead individuals to do postdoctoral study in the United States as well as career prospects associated with doing a postdoc in the U.S. The U.S. lifestyle discourages individuals from coming as does the relative unattractiveness of benefits and working conditions provided to postdocs. The likelihood of coming to the U.S. for training has declined significantly for those who received their PhDs after 2000. Countries that have been nibbling at the U.S.
PhD and postdoc share are Australia, Germany and Switzerland. Great Britain and France have become more attractive to scientists for postdoctoral study but not for PhD study. Canada has made gains in neither.
Foreign-born PhD Recipients and Postdocs in the United States
In order to provide context for our analysis of the decision to come to the United States for training versus going elsewhere-either as a graduate student or as a postdoctoral fellow-we begin by summarizing trends in the number of PhD degrees awarded to the foreign born as well as trends in the foreign born who are working as postdoctoral scholars in the United States.
PhD recipients
The percent of foreign-born students receiving PhD training in the U.S. in the natural sciences and engineering has increased consistently since the late 1970s with but two exceptions, the last of which began in the late 2000s and largely reflects events which occurred subsequent to 9/11. As can be seen Figure 1 , in the late 1960s to the early 1970s, one in five PhD recipients was foreign. By 2007 more than one in two was foreign. The proportion going to the foreign born grew most dramatically in the late 1980s and early 1990s. 4
Figure 1 Science and engineering PhDs by citizenship, 1966-2010
Source: (Stephan P. , How Economics Shapes Science, 2012) For purposes of consistency over time, "medical/health sciences" and "other life sciences" are excluded from totals.
Fields vary considerably in terms of how foreign they are. Engineering has the largest tradition of attracting foreign-born students. Since the late 1970s, the number of engineering PhD degrees going to foreigners has 4 Foreign is defined to include temporary as well as permanent residents. Percents are computed based on those who declare citizenship status. Note that the percent who do not declare citizenship status has increased over time. The number of permanent residents increased in 1992 and the number of temporary residents declined due to the passage of the Chinese Student Protection Act, which bestowed permanent residency status on Chinese students in the United States at the time of the events at Tienanmen Square. All data come from WebCASPER (National Science Foundation, 2012a) exceeded the number going to U.S. citizens; in 2008, the percentage stood at 61.5 percent. Math and computer science programs are also heavily populated by students from abroad; slightly over 57 percent of the degrees in the field went to foreign students in 2008; in the physical sciences, 44.4 percent were awarded to foreign students in 2008. The field least populated by the foreign born is the life sciences, but even in this field by 2008 fully one-third of the PhD recipients are foreign born (Stephan P. , 2012) .
Almost half the noncitizens receiving a PhD in the United States currently come from just three countries:
China, India, and South Korea. Their importance is illustrated by the fact that three of the top five undergraduate "feeder" programs to graduate school in the U.S. are outside the United States: Tsinghua University, Peking University and Seoul National University (Mervis, 2008) . 5 In the 1970s, the largest number of foreign-born PhDs trained in the United States came from India (13.3 percent) and Taiwan (13.2 percent). The next largest number came from the United Kingdom (4.5 percent) and South Korea (4.1 percent). Source: (Stephan P. , How Economics Shapes Science, 2012) . 8 Stephan and Ma (2005) find two factors to play an especially important role in the decision to take a postdoctoral position among U.S.-trained PhDs. First, the state of the academic labor market in the United States is inversely related to the probability of taking a postdoc position upon graduation. Second, they find that upon graduation foreign-born PhD recipients are significantly more likely to take a postdoc than their citizen classmates. One reason that individuals on temporary visas are more likely to take a postdoctoral position than those who are not temporary residents is that the job options available to them are more limited because of visa restrictions.
Postdoctoral training
The postdoc position has long been the norm in the biomedical sciences. The doubling of the NIH budget between 1998-2003 further encouraged the expansion of postdoctoral positions in the life sciences. By 2007, for example, 67 percent of all newly-minted PhDs in the life sciences in the United States who had definite commitments at the time they received their doctorate award were headed to a postdoc position (National Science Foundation, 2012a). The postdoc position also has a long tradition in the physical sciences. In other fields the postdoctoral position has been considerably less common, although in very recent years the percent of engineers taking a postdoc upon graduation has increased dramatically-undoubtedly in response to the absence of other positions in the current economy (National Science Foundation, 2012a).
The Choice to Study Abroad

Framework for analysis
The choice to study abroad can be considered a two-stage process in which the student first makes a decision regarding whether to seek training abroad and subsequently, if the decision is affirmative, decides where to study. The two decisions are collapsed into one in instances where the student considers studying in only one foreign country over staying at home for training. Key factors influencing the first stage of the decision process are the availability of training programs in the home country and the policy of the home country towards study abroad. Employment options in the home country can also play a role in the decision to study abroad. When academic jobs became scarce in South Korea, for example, the number of South Koreans choosing to study abroad declined, reflecting the perceived advantage of staying in country to study and staying in touch with faculty in order to have a leg up in the job market (Kim, 2010). 9 Viewed as an investment in human capital, the decision to study abroad involves weighing the present value of the benefits to study abroad against the costs of doing so. Benefits include the opportunity to enhance one's career prospects by studying with highly-productive faculty at a prestigious university, acquiring access to research resources not available in the home country, and building a network of future collaborators. With regard to prestige of programs, the United States holds a distinct advantage. Seventeen of the top twenty spots on the Shanghai Jiao Ton University's rankings are held by institutions in the United States; 10 seven of 9 A similar phenomenon is occurring among Japanese but in this instance among Japanese postdoctoral students. Although in the past many young Japanese used to come to the United States and Europe for postdoctoral training, today, facing a challenging job market, they are more likely to stay close to home, fearing that they may not find a job upon their return (Arai 2010 ). 10 http://www.arwu.org/ARWU2010.jsp (accessed January 3, 2013) . Two of the remaining three belong to the UK; the third belongs to Japan. the top ten spots on the London Times rankings belong to U.S. institutions, the other three belong to the United Kingdom. 11 A portion of the benefits of studying abroad are monetary and involve the present value of increased compensation received as a result of training, either by staying for employment in the country of training, or by returning to one's home country and reaping the financial benefits of one's education. The magnitude of the benefit can depend in part upon the extent to which study abroad provides an option for remaining in the country of training. In recent years, for example, Canada and Australia have made it considerably easier for foreign-PhD students to obtain citizenship after completing their degree; training in the United States places one in a relatively good position to receive an H-1B work visa (Bound, Turner et al. 2009 ). 12 The prospects of finding employment subsequent to training also play a role in the decision of where to study. Poor job prospects likely discourage students from studying in a country such as Italy, where the market for scientists and engineers has been depressed for a number of years, or a country such as Germany, where a low proportion of academic professional rank positions are held by the foreign born.
The benefits of studying abroad for training in science and engineering are not, however, all monetary. They include, for example, the opportunity to work in an environment that promotes research and thus provides increased opportunities to derive satisfaction from "puzzle solving" aspects of research. 13 Benefits also include the opportunity to explore a new environment and living experience. For individuals studying in an English-speaking country for whom English is not their native language, training enhances their ability to write and publish, given the widespread adoption of English as the lingua franca by most scientific fields.
The costs of going abroad for Ph.D study include payment for study, which can be offset by fellowships and assistantships. Some countries, such as Switzerland, offer handsome stipends to PhD students. In the U.S., research assistantships are readily available to the foreign born because faculty with research funding generally rely on students and postdocs to staff their laboratories, and the foreign-born provide a ready source.
Although the stipend associated with a graduate research assistantship in the U.S. is not that large, it has a relatively higher value to foreign born from developing and emerging countries than it has to U.S. students. 14 In other countries, financial assistance is not available or not as generous. For some students whose home 11 http://www.timeshighereducation.co.uk/story.asp?sectioncode=26&storycode=421400&c=1 (accessed January 3, 2013). 12 Lowell 2000 estimates that nearly one-quarter of H-1B visa recipients were first in the U.S. as a foreign student. 13 Stephan and Levin (1992) and Stephan (2012) argue that scientists are motivated by an interest in ribbon, puzzle, and gold. The ribbon is recognition that accompanies discovery; the puzzle is the "pleasure of finding things out," and the gold is the financial return. In this framework, study abroad can also enhance the probability of receiving more recognition. 14 Not surprisingly, foreign students are considerably more likely to be a research assistant than are citizen students (49 percent vs. 21 percent).The difference reflects the larger range of alternatives and resources available to citizens, including employer support and the availability of fellowships and grants (Stephan, P. 2012) .
country provides financial assistance for study abroad, support may not be a major issue in determining where to study. Differentials in housing costs and the time, and associated uncertainty, of applying for and receiving a visa for study in the destination country in instances where a visa is required are additional factors. Costs also include separation from family and friends and living in an unfamiliar or significantly different environment that can be unappealing or difficult to adjust to. The challenge of training in a foreign language in which one is not proficient also increases costs. Some of these costs may be mitigated by the presence of a large diaspora from one's home country. Some can be mitigated by studying with a faculty member of shared ethnicity. 15 Costs and benefits to study in a particular country can change over time. By way of example, U.S. visa policy implemented after 9/11 made it substantially more difficult for students, especially in certain countries, to get a visa for study in the and thus the attractiveness of studying in the United States. The creation of the EU, with its seamless borders, significantly lowered the costs of students moving between countries in Europe for study. Likewise, the Bologna Reforms that sought to standardize credit hours and degree programs across Europe have facilitated the ease with which students can move between countries. Costs can also be affected by fluctuations in currency values (Chellaraj, Maskus and Mattoo 2008) The decision to pursue postdoctoral training abroad depends upon many of the same factors as that to pursue doctoral study abroad, such as prestige of the training institution, research resources and future job prospects. Two factors, however, warrant special attention when it comes to the decision of where to do postdoctoral training: the salary provided to trainees and the fringe benefits provided to trainees. Although some of the foreign born who take a postdoc position outside their home country do so with support from 15 Foreign students are more likely to work for faculty of the same ethnicity than to work for native-born faculty. A study by Esra Tanyildiz (2013) paired labs in eighty-two departments of engineering, chemistry, physics, and biology directed by a foreign faculty member with labs in the same department directed by a "native" principal investigator. The mean paired difference in staffing patterns tells the story: the difference for Chinese students in a laboratory directed by a Chinese principal investigator versus a laboratory directed by a native U.S. faculty member is 37.8 percent; for Korean students it is 29.0 percent; for Indian students it is 27.1 percent. 16 For the 2004 academic year, graduate applications fell by 45 percent for students from China and by 28 percent from students from India (Council of Graduate Schools 2007). their country of origin, most receive compensation from the host country and salaries and fringe benefits vary considerably across countries. 17 In the United States, the National Institutes of Health has long prescribed salaries for postdoctoral fellows supported on training grants or fellowships by level of experience. Many universities have followed these guidelines, not only for postdocs supported on NIH grants but for other postdocs as well, both in and outside the fields of biomedical sciences. 18 In 2012 the starting salary prescribed by NIH was $39,264 and progressed to $49,884 for a postdoctoral fellow with five years of experience. 19 Historically, postdocs in the United States received few fringe benefits and shared few of the working conditions enjoyed by faculty or staff. Although it may be apocryphal, in the late 1990s it was reported that postdocs at Stanford University did not have library privileges, being neither "fish nor fowl," that is, being neither student nor staff. Postdoc working conditions, as well as job prospects for an independent research provides a snapshot view of benefits and working conditions available at that time. Care must be taken in interpreting the results, however, given that almost all of the responding institutions were members of the NPA and are predisposed to take better care of their postdocs than nonmembers. By way of summary, 79 percent of the responding institutions provided health insurance to postdocs; 76 percent provided health 17 By way of example, Switzerland, through the Swiss National Science Foundation, provides funds for PhD recipients to do postdoctoral training abroad and the Marie Curie program of the EU Commission since 2007 has sponsored postdoc training away from Europe. During the last five years it sponsored 439 scholarships for EU citizens to study in the U.S. (EU Commission, 2012). 18 Some universities stipulate slightly higher levels of pay. Stanford University, which stipulates salaries which are approximately 4 to 9 percent above the NIH guidelines, depending upon years of experience, is a case in point. See http://postdocs.stanford.edu/handbook/salary.html (accessed January 17, 2013) .
See National Postdoctoral Association (2012) for a discussion of the number of institutions that adhere to NIH salary minimums. 19 Despite the gentlemen's agreement that an individual not hold the position of postdoc for longer than five years, the NIH stipulates salaries for postdocs with up to seven years of experience. In 2012 the stipulated NIH salary for those with seven or more years of postdoc experience was $54,180. See http://grants.nih.gov/grants/guide/noticefiles/NOT-OD-12-033.html (accessed January 17, 2013) .
insurance to the postdoc's family, as well. 20 In terms of family leave, 39.5 percent of the institutions offered paid maternity leave; 27.6 percent offered paid paternity leave. With regard to paid vacation, 27 percent of postdocs who were classified as employees received none; 44 percent of those who were not classified as employees received none. In terms of holidays, 14.8 percent of postdoc employees received no paid holidays; 35 percent of the postdocs who were non-employees received no paid holidays. In terms of sick leave, 24 percent of employees received paid sick leave; 43 percent of the postdocs who were not employees received no paid sick days. 21 It is difficult to get consistent data regarding the pay postdoctoral fellows receive in other countries or the availability of fringe benefits for postdoctoral fellows. But the evidence that does exist suggests that pay and Fringe benefits and working conditions also vary across countries. In Switzerland, for example, a citizen of the EU working as a postdoc is covered by Swiss unemployment insurance after working a minimum of two years. This means that if she loses her position as a postdoc or her contract ends she has the right to receive 80 percent of her salary for a maximum of two years. A postdoctoral fellow in Italy has five months of mandatory leave for the birth of a child during which she receives a full salary and can take up to three additional months at no pay. Postdocs in Germany receive a monthly family allowance of 150 euros if married and 154 euros per month for each of the first two children; for the third and subsequent children the 20 At 23 percent of these institutions the postdoc paid nothing for his own health insurance; at 10 percent the postdoc paid 51 percent or more of the cost of his insurance. The comparable figures for family insurance are that 8 percent paid nothing; 18 percent paid 51 percent or more. 21 National Postdoctoral Association Institutional Survey on Postdoctoral Compensation, Benefits and Professional Development Opportunities, released April 2, 2012. 22 http://www.ugent.be/en/living/money/incomeresearcher.htm (accessed January 17, 2013) . 23 In order to qualify for a full professorship in Germany one typically did a Habilitation after receiving one's PhD, working as a research assistant for a full professor. Recent reforms allow individuals who first have the position "junior professor/postdoc" to qualify for a full professorship. The starting salary for those doing the Habilitation (A13) is 3600 euros. That for those doing the junior professor/postdoc option (W1) is 3926.84 euros. 24 http://thenode.biologists.com/changes-in-canadian-postdoc-funding/ (accessed January 17, 2013). family allowance increases substantially. Although no national comparisons exist, in most countries postdocs have longer paid vacation periods than in the United States and more holidays, reflecting national differences that place the United States at or near the top of OECD countries in terms of the average number of hours worked per year. 25 Postdocs in many countries are more likely to be provided with health insurance than in the United States, given the widespread presence of national health insurance plans in many countries.
Empirical studies of the choice to study abroad
Empirically, international flows of graduate students can be examined in several ways. One approach focuses upon migration patterns between a set of countries. Another focuses on international flows to a specific country or reasons for coming to study within a country. Almost all studies, to the best of our knowledge, examine flows after the decision to study abroad has been made; only one study to date has examined the decision to go abroad rather than to remain in the home country. No study has information regarding the choice set under consideration for students who choose to study abroad. No study, to the best of our knowledge, examines the decision to do a postdoc abroad. Perkins and Neumayer (2011) use OECD data for the period 2005 to 2009 to model tertiary student flows between countries. They hypothesize that benefits to studying abroad are positively related to the per capita income and quality of education in the destination country as measured by the Times World University Rankings. They also argue that English speaking countries are likely to attract students, given the importance that English has assumed in recent years in both the business and scientific communities. Moreover, they argue that benefits can include the opportunity to study in a country that is less politically restrictive than one's country of origin. They argue that costs increase with visa restrictions and as the distance between source and destination countries grows; they also see costs as inversely related to the migrant stock of individuals from the destination country and the sharing of a common language. The data support most of their hypotheses. The English speaking variable, however, is never significant; the democracy variable is significant but has the wrong sign, and, in terms of magnitude of effects, the quality of education variable, while significant, has a minimal effect compared to many of the other variables. Beine, Noël and Ragot (2012) use the same OECD data to examine student flows for the slightly earlier period 2004-2007. Cost variables included in the analysis are a measure of distance between the two countries, a measure of annual tuition fees, and the cost of living, including cost of rent and food, for an academic year. The authors also control for the existence of a common official language and a measure of the total migration stock from origin country i to destination country j as a proxy for network effects.
Benefits relate to the number of universities classified in the Shanghai top 500 ranking in the country of destination. They find distance between countries to be a strong and negative predictor of the number of students flowing from one country to another. A common language facilitates mobility between countries.
Flows also increase as the size of the network increases. Higher living costs in the destination country discourage mobility; more institutions ranked in the top Shanghai rankings increases mobility. Bessey (2007) examines flows of international students to Germany for the years 1997-2002. The data, which count the number of incoming students at a given period in time to Germany who do not have a German "Abitur" (university entrance diploma) do not permit differentiation between graduate students vs. nongraduate students; nor do they permit differentiation between students on short-term study programs vs.
those who have come to Germany for a longer period of study. She finds flows to be positively related to the population of the sending country and the stock of students from the country already studying in Germany.
Flows are negatively related to distance (or a dummy variable for origin continents other than Europe) and to coming from a country that was judged "partly free" and "not free" on the Freedom House Index.
A logical extension of the human capital framework for analyzing study abroad is to think of the number of international students who study in a specific country as a function of the supply of those willing to come and the demand in the country for doctoral students, especially international doctoral students. Bound, Turner, and Walsh (2009) The supply of opportunities for foreigners to study in the United States also depends upon the demand for graduate training from U.S. students, as well as faculty demand for students to staff their labs. Bound, Turner and Walsh argue that while the supply of slots at top PhD programs is reasonably inelastic, at lower tier institutions the supply is considerably more elastic. They show that it is precisely these programs that witnessed the largest increase in foreign students.
Van Bouwel and Veugelers (2012) use data from the MORE survey of researchers conducted in 2010 to study the mobility decisions of European doctoral students. An initial criterion for inclusion in the study was the presence of a mobility experience between Europe and the United States. However, those with no mobility experience or with mobility experience only within Europe were not excluded from the study. The authors model the decision to study abroad as well as the decision to study in a different country within Europe vs.
the decision to study in North America. They find individuals in the life sciences and those from countries whose publications have a relatively higher Impact Factor to be more likely to remain at home vs. study abroad. When they examine whether one remains at home or goes to North America vs. elsewhere in Europe, they again find that relatively low Impact Factor of journal publications in the home country act as a push toward studying abroad, although the push is stronger for studying in Europe vs. studying in the United States. They also find that students from countries with a larger number of institutions in the top 500, as measured by the Shanghai rankings, are less likely to leave for study in Europe, although the variable is not significantly related to study in North America. They conclude that mobility for graduate study in Europe is more driven by push factors than is mobility for graduate study to North America. Aslanbeigui and Montecinos (1998) study factors leading international students to pursue PhD-training in economics in the United States, surveying students in 51 programs. Reasons students give for coming include that few PhD programs in other countries are able to compete with those offered in the United States and the availability of financial support for study in the United States. Indeed, 55 percent of their respondents said that financial support was an important factor in their choice.
While the six studies provide examples of how benefits and cost affect flows of students, they also demonstrate challenges faced in studying flows. For example, data limitations preclude the first three studies from examining flows of doctoral students. Instead the three study flows of all tertiary students, regardless of graduate status. This is problematic in the sense that one would expect different variables to play a different role for graduate study vs. undergraduate study. The costs of tuition and living are a case in point. While most undergraduates pay for such expenses themselves, many graduate students are supported on stipends that cover both tuition and at least part of the cost of living while studying. The Bound, Turner and Walsh paper focuses exclusively on studying flows of students coming for PhD study. However, due to lack of data it focuses exclusively on students coming to the United States. Moreover, although the authors are able to measure certain key variables, such as the production of undergraduate degrees in the country of origin, they are not able to obtain measures of some other key variables, such as how financial support packages that students receive vary over time and across fields. A strength of the Van Bouwel and Veugelers' paper is that it includes individuals who remain in country for training and thus the authors can model the decision to leave one's home country for study. A weakness, however, is the low response rate of the survey (approximately 11 percent) and the fact that the survey initially focused on individuals who had had a mobility experience and thus oversamples individuals with mobility experiences. Moreover, although the authors model the selection process leading to mobility, they do not control for selection in estimating actual mobility patterns. A key contribution of the Aslanbeigui and Montecinos study is that it actually asks students why they came and how they perceive benefits. Yet the study is limited to but one field and the data are only analyzed in a summary manner.
The above discussion suggests that in order to more fully understand what leads graduate students to study in one country rather than another one needs a data set on flows of doctoral students across a number of countries. One would also like to be able to differentiate between the decision to study abroad vs. the decision to go to a specific country for study abroad. The GlobSci data allow us to do precisely this for flows of PhD students. Another advantage of the GlobSci data for studying PhD flows is that the data include selfreported reasons for studying abroad which can be used to measure the importance of various costs and benefits to study abroad. Moreover, the data permit a fairly similar treatment of flows of postdoctoral scholars who also arguably make decisions about where they will go for training by weighing the benefits and costs of study abroad in a similar manner.
The GlobSci Survey
We surveyed active researchers in the four scientific disciplines of biology, chemistry, earth and environmental sciences, and materials science during the period February-June 2011. In order to construct the sample, we selected all journals classified by ISI as belonging to one of the four disciplinary fields and sorted them by Impact Factor (IF) for all subfields in each of the four disciplines. 26 We then randomly picked a selection of journals from each quartile of the Impact Factor distribution in each subfield of the four disciplines, thus obtaining four samples of journals by field stratified by Impact Factor. In aggregate, this process identified approximately 30 percent of all journals published in the four fields. See Franzoni, Scellato and Stephan (2012) .
Starting from these four lists of journals, we next downloaded the full record of all scientific articles published therein in 2009. From the affiliation information of the articles, we retrieved the email address of the corresponding authors. 27 In case of multiple corresponding authors for a single article, we picked the first name in the list. We randomly selected one record in the case of corresponding authors appearing repeatedly in the corresponding author list. 26 IF was taken from the latest available release of the Journal Citation Report of Thomson-Web of Science®. 27 The four fields were chosen in part because 95 percent or more of all articles in these disciplines contain an email address for the corresponding author. More specifically, in 2009 the estimated number of records that did not report an email address for the corresponding author was 0.9% in biology, 3.6% in chemistry, 2.9% in earth and environmental sciences and 4.5% in materials science.
In order to build country panels, we coded these records, based on the final digits of the domain of the email address (e.g. ".au" for Australia; ".be" for Belgium, etc.). We identified U.S. authors by email addresses ending in ".edu," thereby restricting the U.S. sample to academic researchers.
We prepared 16 country panels. Surveyed countries are: Australia, Belgium, Brazil, Canada, Denmark, France, Germany, India, Italy, Japan, Netherlands, Spain, Sweden, Switzerland, United Kingdom, United States. In the subsequent sections we will refer to this set of countries as "core countries". This procedure produced a sample of 47,304 unique email addresses of scientists divided in 16 country panels (Table 1) China was initially included in the survey. However, a low response rate of less than 5 percent for a test sample of Chinese addresses suggested that respondents were either not receiving the invitation or had problems responding to the invitation. We encountered somewhat similar problems in a later effort to survey scientists in South Korea. We thus decided not to survey researchers based in China or South Korea.
Panelists were invited to answer by email. Invitations were sent, one country at a time, during the spring and early summer of 2011 and each panelist was invited a maximum of three times. The survey was initially developed in English and then translated into eight other languages: French, Chinese, German, Italian, Japanese, Korean, Portuguese and Spanish. The online questionnaire was developed through the platform Qualtrics® that supports multiple languages. Each country survey and the related invitation email was administered in its primary language (two languages in the case of Canada). The platform automatically deployed the language in which the recipient had set her browser, and let the respondent switch from one language to another at any point while filling-out the questionnaire. Table 1 reports a summary of the 19,183 answers by country of respondent. Country responses reflect both the size of the underlying research-active population of scientists as well as variations in response rates across countries. The largest number of responses is for the United States (5,165 answers) and the smallest is for Denmark (227). The overall response rate is 40.6 percent; the high is 69.0 percent for Italy, the low is 30.3 percent for Germany; 11 countries have a response rate of between 35.0 percent and 45.0 percent. Answers are further divided into complete answers and partial (usable) answers (answers from respondents who began the survey, but dropped-out before reaching the last question). The total dropout rate was 5 percent. The response rate, conditional on the respondent completing the survey, is 35.6 percent. Reported response rates do not take into account undelivered invitations due to such things as incorrect email address, retirement or death and consequently underestimate the response rate. 28 Response rate bias is discussed in the Supporting Information of Franzoni, Scellato and Stephan (2012) . Here we define the foreign born to be those who received their doctoral training or postdoctoral training in a country other than where they resided at age 18. We consider different sub-samples of the foreign born.
The first sample includes foreign born who received their PhD in a core country in 2000 or later, or are currently training in a core country. We refer to this group of 1129 as the Recent-PhD sample. Included are all individuals, regardless of country of origin, who studied or are studying for a PhD in a country different from where they lived when they were 18. This recent sample minimizes effects that arise due to censoring when foreign born who train in one of the core countries relocate to a country (such as China) that is not included in our survey. The second sample, with no time constraints, is restricted to those who resided in a core country at age 18 and received their PhD in a different country. We construct the second sample in this way in order to capture individuals who trained abroad but have subsequently returned to their home country.
This Core-Country PhD sample has 1258 individuals in it. In a similar way we construct two subsamples for those who migrated for a postdoc position: a Recent-Postdoc sample of 1933 individuals and a Core- 28 Walsh, Cohen and Cho (2005) find in a sample of U.S. scientists that undelivered emails accounted for approximately 3.2 percent. Roach and Sauermann (2010) find that undelivered emails accounted for 6.3 percent in a sample of junior U.S. scientists.
Country Postdoc sample of 5090 individuals. Table 2 summarizes the criteria for inclusion in the different samples used in the analyses. Since we will model the migration decision towards the US vs. other countries, in our estimates we do not include researchers who lived in the U.S. at age 18. In some model specification we will account for sample selection of the mobile researchers by using the full sample of respondents, including non-mobile ones. Respondents who had postdoctoral training in a country different from where they lived at age 18 and their country of origin is a core country.
Summary statistics for the four sub-samples are presented in Table 3 and Table 4 . Included are gender, age, country of origin, and country of training. In the case of country of training -either PhD or Postdoc -we report the summary statistics for selected countries.
A strength of the GlobSci survey is that it asked mobile researchers to assess on a five point scale the importance a number of factors played in their decision to study abroad. These factors can be broken into those that reflect benefits and those that reflect costs. On the benefit side, researchers were asked to assess the importance that the prestige/research excellence of the institution played in their decision to study abroad; the importance they ascribed to study abroad for improving their future career prospects and the appeal of the lifestyle or international experience in their decision to study abroad. On the cost side, they were asked the degree to which their study abroad was facilitated by contact with somebody (a professor, colleague, friend) in the host country, the availability of an exchange program or joint program between institutions, and the availability of financial support from the home country and from the host country for study. They were also asked to assess the importance that family and personal reasons played in their decision to study abroad. Table 5 reports the definition of the variables used in estimates of the mobility equations. Note that factor analysis was been used to construct three of the variables included in the postdoctoral equations because of the presence of significant correlations among specific factors (See Section 6 for a discussion). 
Choice of PhD location
We explore factors related to the probability that students who leave their country of origin for PhD-training come to the United States versus go to another country. As discussed above, two different samples are used, 2.82* Heteroskedasticity-robust standard errors in parenthesis. Significance levels: *90% ,**95%,***99% Marginal effects for probit models on the sub-sample of Core Countries PhD (Model I-II) and Recent PhD (Models III-IV). Heckman probit sample selection model on the sub sample of Core Country PhD (Models V-VI).
The results are somewhat similar for the Recent PhD sample (Models III and IV) as for the Core Sample.
Prestige/research excellence is positively and significantly related to coming to the United States for study as is the unavailability of programs; lifestyle factors and availability of exchange programs discourage students from coming to the United States versus going elsewhere for study. For this sample, but not for the more restricted sample, we find that those who report that financial assistance from the host country played a strong role in their decision of where to train are more likely to study in the United States. In results not reported here, we also find that China is significantly more likely to send students for study to the U.S. than any other country.
As discussed above, the choice to study abroad can be considered a two-stage process in which the student first makes a decision regarding whether to seek training abroad and subsequently, if the decision is positive, decides where to study. This suggests that rather than model where one trains, conditional upon the decision to leave one's country of origin for training, one first model the probability that a student decides to go abroad for training and, having controlled for selection, proceed to model where individuals who choose to train abroad actually train. While such an approach is arguably a more appropriate estimating strategy, its execution requires data for all individuals who received a PhD, not simply those who received a PhD abroad.
The GlobSci survey provides such data, but only for individuals from Core Countries; not for those from non-core countries. Thus we can only model selection for those in the Core Country sample.
We use this sample to estimate a two-stage model of the probability that an individual: i) chose to receive training outside his or her country of residence at age 18 and ii) selects the U.S. as the training destination country vs. another country. The model follows a standard Heckman sample selection approach 31 . The variables used in the selection equation measures the availability of appropriate programs for study in the home country. The measure (AVG_NOPROG) is computed as the country average given by those who chose to train outside their country of origin to the reason "few if any good PhD programs in the country where I lived when I was 18" for training abroad. By construction the variable provides a time-averaged indication of the perceived lack of PhD programs in a specific country. 32 Estimates of the sample selection model are presented in Table 6 , columns V and VI. We begin by noting that the AVG_NOPROG variable is a positive and significant predictor that the student chooses to leave the country of origin for training. We also find that women are less likely to leave for PhD training than are men.
Once we control for selection in estimating the probability of training in the United States vs. elsewhere, we find the results to be qualitatively similar to those found without correction for selection. It is interesting to note that although women are less likely to leave their home country for study abroad, conditional upon leaving, women are more likely to come to the U.S. for PhD study than go elsewhere. 31 The model has been estimated with the Heckprob routine of the econometric software Stata 11. 32 The average effect is because the variable is constructed based on answers of individual who have migrated from a country at different points in time. Table 7 presents results from a multinomial logit model for the decision to attend a PhD program in the U.S. vs. attend a program in six other countries (Australia, Canada, France, Germany, Great Britain and Switzerland), each of which account for 4 percent or more of the foreign-trained Core sample. Collectively, these six countries plus the U.S. bestowed about 87% percent of the PhDs to foreign-born students in the Core Country PhD sample. In all equations, the baseline destination is the U.S.; the table reports relative risk ratios 33 . The coefficients on the variable PHD YEAR should help in identifying which countries are taking the U.S. share of foreign born PhD students.
The results suggest that students who place a higher value on lifestyle factors as a reason for where they train are more likely to go to France, Great Britain, Australia and Canada (10 percent level of significance for France and Australia) than come to the U.S. for study. Family reasons play a role in attracting mobile students to Australia, Switzerland, and Germany (10 percent level) vs. coming to the U.S. for study.
Individuals who rate the prestige of the hosting institution higher as a reason for choosing a program are less likely to study in Australia, Canada and France (10 percent level) than come to the U.S. for study and more likely to go to Switzerland (10 percent level). Career prospects lead students to choose PhD programs in the U.S. vs. Canada and France. Contacts play a role in drawing students to the U.S. rather than to Germany, Great Britain and Switzerland (10 percent level). The availability of financial support for study provided by the host country leads students to choose Australia, Switzerland and Canada (10 percent level latter two) over the United States. The availability of exchange programs encourages students to attend programs in the EU and discourages students from attending programs in Switzerland (10 percent level) relative to the United States, consistent with the hypothesis that exchange programs benefit PhD programs in the EU by attracting students from other EU countries. Three countries have been nibbling on the U.S. PhD share in recent years: Australia, Switzerland and Germany while there is some support for the hypothesis that Canada has been losing PhD students to the United States.
By way of summary, the empirical results, regardless of which of the two samples we use, support the hypothesis that benefits as well as costs play a role in determining where students go for PhD study. The findings remain qualitatively similar after controlling for selection. In terms of benefits, the prestige of U.S. program and/or career prospects associated with training in the United States leads individuals to come to the United States to study rather than to go elsewhere. For the recent sample, the availability of financial assistance also plays a role, consistent with the hypothesis that students are sensitive to the cost of training 33 The application of a multinomial probit model with sample selection based on the use of an inverse Mills' ratio proved unsuccessful because of difficulties in the treatment of the maximum likelihood function. For this reason we adopted a standard multinomial logit model. Previous evidence for the probit models with and without correction for sample selection suggests that results are not affected by selection in terms of sign and confidence level. We have tested for the i.i.a. assumption of the multinomial logit specifications through Hausman tests based on the mlogtest routine for Stata 11.
when making their decisions regarding where to study. 34 The importance of cost factors is further underlined by the fact that exchange programs, which are widely available within the EU, discourage individuals from studying in the United States vs. going elsewhere for study. The U.S. lifestyle clearly detracts from individuals coming for study in the United States: regardless of sample, and regardless of estimating strategy, those who report that lifestyle played an important role in their decision of where to study are less likely to come to the U.S. vs. go elsewhere for study. Countries where lifestyle factors play a role in attracting students are Australia, Canada, France and Great Britain. Evidence from the Core Country Sample suggests that there has been a significant decline in the probability of coming to the United States vs. going to another country for training. The countries that have been nibbling at the U.S. share are Australia, Germany and Switzerland. 
Choice of postdoc location
We employ a similar strategy to that which we used in studying PhDs to estimate the probability that a postdoc who trains outside his or her country of origin comes to the United States vs. go elsewhere. The independent variables, however, are somewhat different, reflecting the fact that those who left the country for postdoctoral training were asked slightly different (and more) questions regarding the importance that various factors played in their decision to leave the country for training. In three instances we use factor analysis to group together variables that are highly correlated. In particular, we create the variable BENEFIT based on responses to the importance that fringe benefits (parental leaves, pension, insurance, etc.) 6.12** Significance levels: *90% ,**95%,***99%. Marginal effects for probit models on the sub-samples Core Country Postdoc (Models I-II) and Recent Postdoc (Models III -IV). Heckman probit sample selection model on the sub sample of Core Country PhD (Models V-VI). RESEARCH_EXCELLENCE also plays a positive and significant role in the decision to train in the U.S. vs. elsewhere for individuals who hail from core countries and study abroad (Column I and II, Table 8 ). But Research Excellence is not the only factor that attracts individuals to the U.S. from core countries for postdoctoral training. RESEARCH_ENDOWNMENT also plays a significant and positive role, as does the opportunity to improve future career prospects. When it comes to costs, the fringe benefits and working conditions provided by U.S. institutions to postdocs are found to significantly detract from coming to the U.S., as are family reasons and the perceived lifestyle in the U.S. With regard to home country, compared to Swedes, Japanese are more likely to come to the U.S. to do a postdoc while Australians, and those from Brazil, Australia, Spain, Italy and the Netherlands are less likely to come. 35 We also find evidence that the probability of coming to the U.S. for postdoctoral work has declined over time.
As in the case for PhD study, one could argue that the decision to train outside one's country of nativity is a two stage process, where first one decides whether to train abroad and then one decides, conditional upon going abroad, where to go. In order to account for this selection process, we estimate a two stage-model, where in the first stage we model the decision to have a postdoc abroad and in the second stage we model whether the destination country is the U.S. vs. all other countries. As above, we estimate the two-stage model only for the Core Country Postdoc sample for which we have observations on those who did not leave the country. The selection equation includes the dummy variable "PHD ABROAD" which equals one for those respondents who migrated for their PhD. The variable is highly significant in the selection equation; the variable FEMALE is negative and significant, indicating that women are less likely to leave their country for postdoctoral training. The coefficients in the second stage of the equation are quite similar in terms of sign and significance to those of the equation in which we do not control for selection.
Multinomial logit results for the decision to do a postdoc in the United States (baseline) vs. train in one of six other countries are presented in Table 9 . The strength of this approach is that it permits one to see if variables play different roles in the decision to go to specific countries vs. come to the U.S. for training.
Perhaps not surprisingly, there is evidence that the effects vary considerably by country. the results for a multinomial logit model specification in which we also control for the fact that an individual had a PhD in the US. 
Conclusion and Discussion
The GlobSci data provide the most comprehensive view that currently exits of the flows of scientists across the sixteen countries. The data also have the advantage that they include individuals from emerging countries such as India and Brazil as well as from non-European and non-American countries of Australia and Japan. Moreover, the data provide insights as to what factors played a significant role in the decision behind going abroad to the destination country for training and provide some insight into how perceived benefits and costs affect the decision to train abroad. Another advantage of the data is that for the sixteen core countries the selection process can be modeled and controlled for, in the sense of who among those who get a PhD or train for a postdoc choose to leave the country vs. stay in country for study or training.
The data are not, however, without limitations. In particular, we were unable to collect data from scientists currently working in China or South Korea. Moreover, although the survey determined location of training, it provides no information on the choice set that scientists faced at the time they made their decision to study abroad. The survey also did not collect data on variables that could reflect variation in the ability of the trainees, such as the name of the undergraduate institution they attended.
Here we use the GlobSci data to study the probability that those who leave their country of origin for training, either as a doctoral student or as a postdoctoral fellow, come to the United States. For each of the two decisions, we use two distinct sub-samples in order to address the fact that the survey is limited to sixteen countries. One of the samples, referred to as the "Recent Sample," focuses exclusively on individuals trained quite recently in order to minimize issues arising from censoring if and when individuals return to a country not covered by the survey subsequent to training. The second sample, referred to as the Core Country sample, focuses only on individuals from the sixteen core countries and thus censoring presents less of a problem.
Regardless of which sample we use, the empirical results support the hypothesis that individuals come to the U.S. for PhD study because of the prestige of program and/or career prospects. For the more recent sample, the availability of financial assistance also plays a role. Its lack of significance in the more restricted sample, training. Finally, we find that the foreign born are increasingly drawn to five of the six alternative countries that we model -Australia, France, Germany, Switzerland and the UK. The exception is that we find no evidence that Canada is a competitor at the postdoctoral level.
What do our results suggest concerning the ability of the United States to continue to attract the foreign born for PhD study and postdoctoral training? First, our results suggest that the U.S.'s ability to continue to draw individuals to come for training depends upon its ability to remain a top producer of research. At a minimum, this requires directing resources to university research. In recent years the flow of resources to
A.1 Sample weights
In the set of estimates presented in tables A1 and A2 we use probability weights equal to the inverse of the complete response rate of the related core-country panel. 
A.2 Alternative model specifications
Below we present the multinomial logit model specification for postdoc abroad in which we also control for the fact that a respondent migrated to the US for a PhD. 
